DNA interference and beyond: structure and functions of prokaryotic Argonaute proteins by Lisitskaya, Lidiya et al.
 1 
 
DNA interference and beyond:  
structure and functions of prokaryotic Argonaute proteins 
Lidiya Lisitskaya1, Alexei A. Aravin1,2*, Andrey Kulbachinskiy1* 
1
 Institute of Molecular Genetics, Russian Academy of Sciences, Moscow 123182, Russia 
2






















Supplementary Fig. 1. Comparison of known structures of pAgo (a) and eAgo (b) proteins. (next 
page)  
The structural elements are colored as follows: N-domain, turquoise; L1, yellow; PAZ, magenta; L2, 
grey; MID, orange; PIWI, green. The guide strand is blue, the target strand is black. Metal ions bound 
in the MID-pocket (5′Me
2+
) or in the active centre (acMe
2+
) are indicated. Arrows indicate major 







Supplementary Fig. 2. Structures of the TtAgo complexes at different steps of the catalytic cycle. 
(a) Binary complexes with guide DNA (1-2) 
1
. (b) Ternary complexes with guide DNA and target 
DNA (3-8) 
2
. The numbering of the structures corresponds to consecutive steps of the catalytic cycle of 
TtAgo: 1-2 – g-DNA binding; 3-4 – t-DNA recognition; 5 – duplex propagation and catalytic Me
2+
 




 ions; 8 – t-DNA release (crystallized after heating 
the complex at 55°C). (c) Ternary complexes with guide DNA and target RNA (9-15) with increasing 
lengths of the duplex 
3, 4
. Complexes 9 and 10 contain mismatches at guide positions 10 and 11; 
complexes 11, 14 and 15 were obtained with TtAgo containing substitutions of the catalytic residues in 
the active centre (acMut) (see Table S1 for details).  
The key shown next to each structure indicates the lengths of the guide/target strands used for 
crystallization; positions of the guide strand paired with the target; location of the guide 3′-end (bound 
to PAZ or free); conformation of the glutamate finger in the active site (UP, ‘unplugged’; PI, ‘plugged 
in’); and the presence of catalytic Me
2+














Supplementary Fig. 3. Variations in the active site conformations of pAgos and eAgos.  
The glutamate finger is indicated with a red circle. The active site of TtAgo adopts the plugged-in 
conformation after target binding
2
. RsAgo contains substitutions of the catalytic residues (orange) and 
remains in the unplugged state even after target binding 
6
. The SIWI protein is seen in the unplugged 
conformation in the absence of target RNA 
7
. hAgo2 adopts the plugged-in state even in the absence of 
a target 
8



























Supplementary Fig. 4. Structures of TtAgo
18
 (top) and RsAgo
5
 (bottom) ternary complexes with 
bulges and mismatches in the guide or target nucleic acid strands. 
All designations correspond to Fig. 2. Positions and the identity of the bulged and mismatched 









 nucleotides in 
the target strand; mm A3-A3’ corresponds to mismatch at position 3; etc.). Most complexes of TtAgo 




Supplementary Table 1. Characteristics of published structures of pAgo and eAgo proteins and their complexes with nucleic acids 
All listed structures are presented in Supplementary Fig. 1 (various pAgos and eAgos), Fig. 2 (compexes of TtAgo at different steps of its functional cycle) and    
Fig. 4 (ternary complexes of TtAgo and RsAgo with bulges and mismatches). The PDB accession number is shown for each complex; the numbers in bold 





specificity in vitro 




Bound nucleic acids PDB 
ID 











(guide strand, blue; target strand, black; unpaired 





















Unplugged Empty None  - 1YVU 9 






Externally bound to the PAZ domain 
 
2F8S 10 






Externally bound to the PAZ domain 
 
2F8T 


































 - 1W9H 12 































































Unplugged  5′-OH 21 nt g-RNA  5′OH-UAUACAACCUACUACCUCAUU-3’ 
 
5I4A 16 
Unplugged 5′-OH 21 nt g-RNA/ 
21 nt t-DNA 
5′OH-GGUACAACCUACUACCUCAUU-3′ 






































Unplugged  Empty None - 5G5S 18 





































None - 1Z25 20 













































21 nt g-DNA/ 










21 nt g-DNA/ 















21 nt g-DNA/ 
19 nt t-DNA 
5′P-TGAGGTAGTAGGTTGTATAGT-3′ 
 3′-GCTCCATCATCCAACATAT-5′ 
              ∧  












21 nt g-DNA/ 
16 nt t-DNA 
5′P-TGAGGTAGTAGGTTGTATAGT-3′ 
 3′-GCTCCATCATCCAACA-5′    
              ∧  


















              ∧  








21 nt g-DNA/ 
19 nt t-DNA 
5′P-TGAGGTAGTAGGTTGTATAGT-3′ 
 3′-GCTCCATCAT 
              ∧  
Cleaved between positions t10’-t11’ 








21 nt g-DNA/ 

















21 nt g-DNA/ 















21 nt g-DNA/ 













21 nt g-DNA/ 














21 nt g-DNA/ 













21 nt g-DNA/ 














21 nt g-DNA/ 













22 nt g-DNA/ 












5′-P 22 nt g-DNA/ 















22 nt g-DNA/ 















21 nt g-DNA/ 
20 nt t-RNA 
t-6′-U-7′ 
5′P-TGAGGT_AGTAGGTTGTATAGT-3′ 
 3′-GCUCCA ACAUCCAACAUAU-5′ 
          U 
Uracil loops-out of the duplex; non-canonical 










21 nt g-DNA/ 
20 nt t-RNA 
t-6′-А-7′ 
5′P-TGAGGT_AGTAGGTTGTATAGT-3′ 
 3′-GCUCCA UCAUCCAACAUAU-5′ 
          A 
Adenine loops-out of the duplex, weakened 













21 nt g-DNA/ 
20 nt t-RNA 
t-9′-U-10′ 
5′P-TGAGGTAGT_AGGTTGTATAGT-3′ 
 3′-GCUCCAUCU GCCAACAUAU-5′ 
             U 






























18 nt g-RNA/ 




18 nt g-RNA/ 
24 nt t-DNA 
  5′P-UUACUGCACAGGUGACGA-3′ 
3′-GTCAATGACGTGTCCACTGCTGTC-5′ 
6D8P 5 
18 nt g-RNA/ 
24 nt t-DNA 
 5′P-UUACUGCACAGGUGACGA-3′ 
3′-GTCAAGACGTGTCCACTGCTGTC-5′ 
 Mismatches (A3⋅A3′ pair) 
6D92 
22 
18 nt g-RNA/ 
24 nt t-DNA 
  5′P-UUACUGCACAGGUGACGA-3′ 
3′-GTCAATGACGAGTCCACTGCTGTC-5′ 
 Mismatches (A8⋅A8′ pair) 
6D95 
23 
18 nt g-RNA/ 
24 nt t-DNA 
  5′P-UUACUGCACAGGUGACGA-3′ 
3′-GTCAATGACGGGTCCACTGCTGTC-5′ 
Mismatches (A8⋅G8′ pair) 
6D9K 
24 
18 nt g-RNA/ 
24 nt t-DNA 
    5′P-UUACUGCGCAGGUGACGA-3′ 
3′-GTCAATGACGAGTCCACTGCTGTC-5′ 
Mismatches (G8⋅A8′ pair) 
6D9L 
25 
18 nt g-RNA/ 
26 nt t-DNA 
t-3′A4′, A5′ 
  5′P-UUA__CUGCACAGGUGACGA-3′ 
3′-GTCAAT  GACGTGTCCACTGCTGTC-5′ 
                        AA 
Adenine loops-out of the duplex (A-A bulge) 
6D8A 
26 
18 nt g-RNA/ 
26 nt t-DNA 
t-3′T4′, T5′ 
  5′P-UUA__CUGCACAGGUGACGA-3′ 
3′-GTCAAT  GACGTGTCCACTGCTGTC-5′ 
         TT 




















Plugged in 5′-P 
Lys564 


















Plugged in 5′-P, 
Lys566 
20 nt  
miR-20a 







21 nt g-RNA/ 



















Plugged in 5′-P, 
Lys567 
















Plugged in 5′-P 
Lys939 
8 nt guide 
RNA 
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